Background Hospice provides integrative palliative care for advance-staged hepatocellular carcinoma (HCC) patients, but hospice utilization in HCC patients in the USA is not clearly understood. Conclusions 26.7% advance-staged HCC patients never entered hospice, representing potential missed opportunities for improving end-of-life care. Age, race, location, performance, insurance, and managing specialty can predict hospice use. Differences in managing specialty and short-term hospice use suggest that interventions to optimize early palliative care are necessary.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide and the fastest-rising cause of cancerrelated deaths in the USA [1] [2] [3] [4] . Each year, approximately 20,000 new cases are diagnosed in the USA, with a 5-year survival rate below 20%. Notably, approximately 60% of patients with HCC are diagnosed with advance-staged diseases (i.e., Barcelona clinic liver cancer staging (BCLC) stages C and D) [2] , where the options of effective HCCdirected treatments are very limited.
Palliative care, defined as medical care that focuses on relieving mental distress and physical pain for patients who are not eligible or refuse cancer-directed treatment, is increasingly initiated at the diagnosis of advance-staged cancers to provide dynamic, patient-centered care throughout the course of disease. In the Veteran Affairs (VA) healthcare system, hospice is a service outside of the medical oncology specialty that can provide services beyond palliative clinical care for veterans who (1) are diagnosed with a life-limiting illness (defined as a disease or condition that is expected to significantly shorten life span); (2) have treatment goals focused on comfort rather than cure; (3) have a life expectancy, deemed by a VA physician, to be 6 months or less if the disease runs its normal course; and (4) accepts hospice care.
Previous studies in patients with non-HCC cancers have shown that early palliative care interventions, including hospice, in aggressive or late-staged cancers improve patient quality of life and reduce overall healthcare costs [5, 6] . Recent studies show that palliative care may be associated with lower healthcare costs in patients with end-stage liver disease and cirrhosis, although early and quality palliative intervention in these patients is still inadequate [7] [8] [9] . Further, few studies have examined the utilization and outcomes of hospice use in patients with advance-staged HCC.
We report our findings from a national, retrospective cohort of advance-staged HCC patients who were diagnosed in the national Veteran Affairs (VA) healthcare system. Our study aims were to examine the utilization of hospice, identify determinants of hospice use, and compare the clinical course between hospice and non-hospice users.
Methods

Data Sources
We obtained data from VA administrative data files combined with manual review of electronic medical records (EMRs). The administrative data included Vital Status File and the Medical SAS (MedSAS) Outpatient and Inpatient files. The MedSAS files contain patient demographic data, International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnoses and Common Procedural Terminology (CPT) codes. We determined the date of death from the Vital Status File, which uses information found in the VA MedSAS Inpatient file, Beneficiary Identification & Records Locator System Death File, Medicare Vital Status File, and Social Security Administration death file to select the most accurate date of death. For EMR reviews, we used the VA Compensation and Pension Records Interchange (CAPRI) and Veterans Health Information Systems and Technology Architecture (VISTA) systems from nationwide VAs. Trained abstractors manually reviewed EMRs using a structured data abstraction, including HCC clinical characteristics, patient characteristics, treatment information, and hospice use.
Study Population
Using VA administrative databases, we identified a national cohort of veterans with HCC, newly diagnosed between October 1, 2004, and September 30, 2011. Only patients with an ICD-9 code 155.0 (malignant neoplasm of liver) in the absence of 155.1 (intrahepatic cholangiocarcinoma) were selected. We manually reviewed EMRs for all cases to confirm HCC diagnosis and ascertain staging. Further details describing the study cohort were published previously [10] . For this study, we limited our cohort to patients with BCLC stage C or D at the time of diagnosis. We collected information on patient performance status, Child-Pugh score, HCC tumor size and number, and portal vein involvement [11] . BCLC stage C was defined by large multinodular tumors with impaired ECOG performance status (PS = 1-2) or the presence of portal invasion and/or extrahepatic spread. BCLC stage D was defined by poor performing terminal illness (PS > 2) or Child-Pugh class C.
Hospice Utilization
We categorized patients as hospice or non-hospice users based on documented physician referral to hospice. (Fig. 1) .
Patient Characteristics
We ascertained demographic information (age, gender, race, insurance information, geographic location, rural residence, transplant center, total hospital beds, and year of HCC diagnosis) as well as clinical characteristics such as HCC stage (BCLC stage), etiology (HCV, HBV, alcoholic liver disease), severity of liver disease (Child-Pugh score, MELD score), performance score (Eastern Cooperative Oncology Group, ECOG score), comorbidities (Deyo score), and HCC medical managing specialties (oncology, gastroenterology/ hepatology, others) from reviews of EMR. The presence of cirrhosis was determined by suggestive liver biopsy findings any time prior to HCC diagnosis, radiographic imaging, or two of three abnormal laboratory values within the 6 months prior to or 4 weeks after HCC diagnosis was made (albumin < 3.0 g/dL, platelets < 200,000/mL, or INR > 1.1). Patients with ECOG 0-2 were classified as having "good" performance status, whereas those with ECOG ≥ 3 had "poor" performance status. HCC characteristics such
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Excluded cases: as multinodular or metastatic disease and size of largest tumor lesion were determined from liver imaging. We also extracted information on HCC managing specialties and year of HCC diagnosis. Survival time was defined as time from HCC diagnosis to death or end of study follow-up (June 1, 2013). The study protocol, including an informed consent given to all subjects, was approved by the Institutional Review Board at Baylor College of Medicine (H-28264). Kaplan-Meier analysis (log-rank test) was used to compare the cumulative survival of HCC patients with and without hospice utilization stratified by HCC treatment. All statistical analyses were done using Statistical Analysis System (SAS, SAS Institute, Cary, NC).
Statistical Analysis
Results
In VA hospitals nationwide, 10,695 patients had a suspected diagnosis of HCC between October 1, 2004, and September 30, 2011, based on the presence of ICD-9 CM code 155.0 and in the absence of ICD-9 CM code 155.1 [10] . We reviewed EMR for a random sample of patients until we reach 1500 patients with verified HCC [10] . For this analysis, the study cohort included 814 patients with BCLC stage C (n = 564, 69.3%) or D (n = 250, 30.7%) at the time of HCC diagnosis (Fig. 1) (Table 2 ) and 265 (44.4%) received HCC treatments before entering hospice. HCC targeted, loco-regional therapies (n = 197 (59.6%)) and sorafenib (n = 184 (46.3%)) were the most common treatments received (Table 1) . Many also received curative intent therapy, including transplant (n = 22 (5.5%)), surgical resection (n = 23 (5.8%)), or ablation (n = 53 (13.4%)) ( Table 1) . Of the 22 patients who underwent transplantation, tumors were discovered during transplant surgery in 4 patients; other transplanted patients received downstaging treatments before surgery. Among those who did not receive HCC treatments, 62.6% were not eligible for HCC treatments due to liver disease severity, (Table 2) .
Among 397 patients who received HCC treatments before entering hospice, hospice use was more likely in the presence of management by an oncologist (63.0 vs. 44.7%, p < 0.0003) and the absence of additional insurance outside of VA benefits (47.2 vs. 60.0%, p < 0.01) ( Table 2) . We did not observe significant changes in hospice use over the study period (2004-2011) regardless of stage or treatment status (Table 2) .
Notably, important variables differentiating the VA institutions such as rural residence (% patients residing in a rural area), transplant center (% patients being treated in a hospital with a transplant center), and total hospital beds (the number of hospital beds where patient is being treated) are not significantly different among hospice and non-hospice users.
In multiple regression models examining determinants of hospice use, the managing specialty consistently predicted hospice use. Among patients who did not receive HCC treatments, the odds of using hospice were higher in patients managed by an oncologist than those who did not see an oncologist (OR 2.28 (95% CI 1.21-4.67)) and those with a poor ECOG performance score (OR 2.04 (95% CI 1.02-4.06)) ( Table 3) . Among those who received HCC treatments, management by an oncologist was again associated with higher odds (OR 2.12 (95% CI 1.27-3.54)) of hospice use, and having non-VA insurance was associated with lower odds (OR 0.62 (95% CI 0.39-0.97)).
Clinical Course
After HCC diagnosis, 40.8% of patients entered hospice directly after HCC diagnosis and remained in hospice until death or end of study period. The median survival time of this group was 2.6 (95% CI 2.2-3.2) months after diagnosis. 10.4% of patients did not enter hospice nor receive HCC treatment; these patients also had median survival of 2.6 (95% CI 1.6-3.5) months.
Patients who received HCC-specific treatments had a longer median survival time, ranging from 10.7 to 16.0 months after diagnosis (Fig. 2) . Those who never entered hospice had a median survival time of 16.0 (95% CI 11.3-21.2) months (Fig. 2) . Those who eventually entered hospice (n = 265 (66.8%)) following HCC-specific treatments had a median survival time of 10.7 (95% CI 9.2-12.6) months. However, with time, the overall survival of the hospice users post-HCC treatment approached those who did not receive HCC treatment, and there was no statistically significant difference by approximately 48 months of followup (Supplemental Figure 1) .
Discussion
In this national cohort of patients with newly diagnosed HCC, we found that only 40.8% of patients with advanced HCC (BCLC Stages C or D) entered hospice directly after diagnosis, and an additional 32.6% of patients entered hospice after receiving HCC-directed therapy. Older, non-white patients, residing in the Southern USA with the absence of non-VA healthcare insurance, were most likely to use VA hospice. Patients managed by oncologists, compared to other specialists, were also significantly more likely to use hospice, regardless of HCC treatment status. Patients with better performance status were more likely to receive HCC treatments and less likely to enter hospice. Survival was similar between those who did or did not enter hospice without HCC treatment. Patients who received HCC treatment had a longer survival, but those who entered hospice after receiving HCC treatment deteriorated and approached the survival of patients who did not receive HCC treatment.
We observed that 217 (26.7%) of patients with advancestaged HCC never used hospice services; 194 (89.4%) of whom died without hospice. This finding suggests a potential underutilization of hospice and other palliative care and a missed opportunity for improving the quality of endof-life care for a disease with poor survival [8, 12] . Among these patients, we found a relatively high percentage of patients (48.8%) received HCC treatment. This was especially more likely among patients with healthcare coverage outside of the VA. Current practice guidelines for patients with HCC treatment recommend sorafenib in stage C and best supportive care in stage D HCC. Treatment options, such as resection and ablation, are not recommended in these patients due to the unproven efficacy, negative impact on quality of life and high cost. In our analysis, 17.8% advanced HCC cohort received curative intent treatment (Table 1) . Thus, considerations must be given to quality of life, patient discomfort, and the significant healthcare costs associated with unnecessary treatment.
We found a subgroup of patients with advanced HCC who received HCC treatment had relatively high median survival time. This group initially did well as evidenced by a high median survival time, but their condition rapidly declined and hospice was utilized. In this group, the duration of hospice use was very short (< 1 month). Therefore, it was likely that hospice was utilized in many patients only at the very end of life when all other options had been exhausted and death was imminent. Short-term hospice use does not allow the range of hospice services to be fully utilized. Previous studies showed that only early palliative intervention, including hospice, can improve patient comfort, lower healthcare costs, and increase survival [5] [6] [7] . Thus, at least in some patients, aggressive treatment may lead to a short-term improvement in survival but little long-term benefit.
The demographic determinants of hospice shown in this study are consistent with studies in other cancers that found race and social environment play an important role in choosing hospice care [13, 14] . Further, we suspect that significant barriers to use hospice and other palliative care for HCC still exist among providers of varying specialties [15, 16] . Further studies are needed to better understand obstacles facing providers. Identifying strategies for communicating with patients and their families about hospice services may also be beneficial. These interventions could improve quality of life and reduce unnecessary costs associated with aggressive but ineffective treatment.
This study was limited to those who received care at VA facilities. For patients who received treatment for HCC at the VA, we estimate that a small proportion of patients (less than 10%) sought subsequent treatment outside of the VA. It is possible that these patients also received hospice services that we could not capture. However, given the low proportion of patients in our cohort who received non-VA services, we do not believe that our findings would have been significantly impacted. In addition, previous studies have shown that military and nonmilitary populations with cancer use hospice in a similar manner [17] . Our data show that additional insurance outside of VA benefits is an important determinant of hospice use, but we did not have information on hospice outside of the VA system. We also identified a small number of patients in our cohort who received liver transplant or resection, which would not be appropriate for patients with advanced-stage HCC. We re-reviewed these cases to confirm their stage at diagnosis and found that these cases were correctly staged and treatment was received. Receipt of liver transplant or resection resulted from two scenarios: (1) patients who were initially diagnosed at stage C received non-curative intent therapies and then were re-staged to stage B after treatment. After restaging, they were eligible to receive transplant or resection; or (2) patients with additional insurance went outside of the VA to receive more aggressive treatment. Although these cases were unusual, our data were accurate. Given the small number of patients who had these unusual circumstances, we do not think these patients significantly impacted our overall findings. Lastly, we obtained the information on hospice use from the VA EMR rather than directly from patients, families, or hospice programs, therefore having a possibility of misclassification.
In conclusion, we found that 73.3% of patients with advanced HCC utilized hospice at some point following their HCC diagnosis. We identified age, race, geographic location, performance, insurance, and managing specialty as important determinants of hospice use in advancestaged HCC patients. Many patients were not referred to hospice until late in their disease, thereby providing little benefit to the patient. Oncologists were most likely to refer patients to hospice. We believe that further study and targeted interventions are required to improve the use and outcomes of hospice in HCC. Author's contribution WYZ designed the study, acquired, analyzed, and interpreted the data and drafted the manuscript. HBE and JAD conceptualized and designed the study and critically revised the manuscript. YHS, SLT, and SS acquired, analyzed, and interpreted the data. FK analyzed and interpreted the data and provided critical revision for the manuscript.
